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1875-9572/Copyrightª 2015, Taiwan P
NC-ND license (http://creativecommoBackground: Gastroesophageal reflux (GER) is the retrograde flow of gastric contents into the
esophagus and may induce a variety of complications. Endoscopically visible breaks in the
distal esophageal mucosa are the most reliable evidence of reflux esophagitis. Combined
multichannel intraluminal impedance and pH-metry (MII-pH) is a technique that enables moni-
toring of GER independent of its acidity. The aim of this study is to investigate the GER patterns
in children with the aid of MII-pH monitoring and determine the correlation between endoscop-
ically proven reflux esophagitis and reflux types by MII-pH monitoring.
Methods: One hundred and twenty children were enrolled from January 2010 to October 2011
for MII-pH monitoring. We studied the GER patterns by means of pH (acid and nonacid reflux)
and composition (liquid, mixed, and gas reflux) by the esophageal MII-pH signals. Meanwhile,
34 (28.3%) patients received esophagogastroduodenoscopy examination at the same time. The
severity of reflux esophagitis was graded with Los Angeles classification.
Results: MII-pH monitoring significantly increased the detection of numbers of reflux compared
with traditional 24-hour pH monitoring (p < 0.001). The significant cutoff value of MII-pH pa-
rameters including DeMeester score  21, duration of longest acid reflux  17 minutes, and
occurrence of acid reflux for more than 5 minutes showed good correlation in the predictionof Pediatrics, National Taiwan University Children’s Hospital, National Taiwan University, Number 8,
aiwan.
Y.-H. Ni).
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ediatric Association. Published by Elsevier Taiwan LLC. This is an open access article under the CC BY-
ns.org/licenses/by-nc-nd/4.0/).
386 Y.-W. Liu et alof the presence of endoscopic reflux esophagitis. The odds ratios of the above mentioned pa-
rameters were 12.6, 8.94, and 7.5, respectively (pZ 0.02, pZ 0.01, and pZ 0.01). Further-
more,  3 episodes per day of acid reflux for more than 5 minutes can predict the occurrence
of severe reflux esophagitis (odds ratio 12.78, p Z 0.009).
Conclusion: MII-pH monitoring not only raised the diagnostic yield in identifying GER, but it
also showed significant correlation with the presence of endoscopically proven reflux esopha-
gitis in children.
Copyright ª 2015, Taiwan Pediatric Association. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).1. Introduction
Gastroesophageal reflux disease (GERD) in children has
been defined as troublesome symptoms and/or complica-
tions caused by reflux of gastric contents into the esoph-
agus.1 It affects as much as 30% of the pediatric population
and is by far the most common disease caused by abnor-
mality in esophageal motility.2 Clinical features of GERD in
infants and children are quite variable. The gastrointestinal
and extraesophageal symptoms vary among individuals and
may change by age. Reflux esophagitis, represented with
endoscopically visible breaks in the distal esophageal mu-
cosa, is the most common consequence of esophageal
injury caused by acid reflux.3
Combined multichannel intraluminal impedance and pH-
metry (MII-pH) is a relatively novel technology to detect
intraluminal bolus movement and is considered the best
method that can achieve high sensitivity for detecting all
types of reflux episodes regarding acidity (acidic, weakly
acidic, weakly alkaline) and composition (liquid, gas,
mixed).4 Previous studies did not provide a distinct
parameter of MII-pH results to predict esophageal mucosal
injury in children.5 The aim of the present study is to
investigate the GER pattern in children with the aid of MII-
pH monitoring and to determine the correlation between
reflux esophagitis proven by endoscopy and reflux patterns
by MII-pH monitoring.
2. Patients and method
2.1. Study participants
From January 2010 to October 2011, 120 consecutive pa-
tients recruited from the Departments of Pediatrics and
Otolaryngology, National Taiwan University Hospital were
prospectively enrolled. The mean age of this study popu-
lation was 4.6 years, ranging from 6 days to 18 years at the
time of investigation. The patients were referred for eval-
uation due to either respiratory symptoms/signs (cough,
asthma, hoarseness, stridor) or gastrointestinal diseases
(nausea, vomiting, regurgitation, dysphagia, heartburn
sensation). None had gastric outlet obstruction, small
bowel obstructive lesion, or gastrointestinal tract malro-
tation. In addition to the evaluation of GERD, upper
gastrointestinal tract anatomical lesion, and associated
esophageal motility disorder, 34 (28.3%) patients receivedesophagogastroduodenoscopy (EGD) for macroscopic ex-
amination, histologic specimen confirmation, and standard
operating procedure before performing percutaneous
endoscopic gastrostomy. All of the endoscopic findings were
recorded including the appearance of endoscopic esopha-
gitis. The severity of reflux esophagitis was graded ac-
cording to the Los Angeles (LA) classification.6 The study
protocol was approved by the Institutional Review Board of
the National Taiwan University Hospital, and the patients
themselves or their guardians provided signed informed
consent for clinical data analysis.
2.2. Twenty four-hour MII-pH investigation and
analysis procedure
All patients received 24-hour combined MII-pH monitoring
with a single pH and eight-ring electrodes catheter (Z61A
pHersaflex Disposable Internal Reference Impedance þ pH
Catheters, Sierra Scientific Instruments, CA, USA) and
tolerated it well. Before the procedure, the catheter was
calibrated using buffered solutions of pH 4.0 and 7.0 as
specified by the manufacturer (MMS, Enschede, The
Netherlands). The catheter was introduced transnasally
through the esophagus and the pH sensor was placed about
3 cm above the gastroesophageal junction, which was
confirmed with esophageal manometry, radiography, or
transnasal EGD. Patients were on a regular diet during the
investigation period. The frequency of meals, body posi-
tion, and related symptoms were recorded. Impedance and
pH data were stored in a digital data-logger (Ohmega, MMS,
Enschede, The Netherlands) using a simple frequency of 50
and 1 Hz, respectively.7
An acid reflux was defined as a drop in intraesophageal
pH  4 for 5 seconds or more. DeMeester score was calcu-
lated.8 DeMeester score greater than 14.72, upper limit of
normal (95th percentile), was defined as abnormal. The
parameters obtained from pH monitoring included the total
number of reflux episodes, the number of reflux episodes
lasting > 5 minutes, the duration of the longest reflux
episode, and the reflux index (RI), which means the per-
centage of the entire record that esophageal pH is < 4.0.
An RI > 7% was considered abnormal, an RI < 3% as normal,
and an RI between 3% and 7% as indeterminate.9
Each MII tracing was automatically analyzed using the
package analytic software (MMS software 8.19, MMS,
Enschede, The Netherlands) and was then reviewed
manually. A liquid reflux was defined as a fall in impedance
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an aboral direction. A gas-only reflux was defined as a
simultaneous increase in impedance > 3000 ohms in any
two consecutive impedance sites, with one site having an
absolute value > 7000 ohms. A mixed reflux met both the
liquid and the gas criteria.10 The nonacid reflux events
comprised weakly acid reflux with pH values between 4 and
7 and weakly alkaline reflux with pH nadir not dropping
below 7.4
2.3. Statistical analysis
Data were collected and analyzed using small STATA version
8.0 (StataCorp LP, TX, USA). All continuous data were
presented as mean and standard deviation. Comparisons
between groups were performed using Student t test.
Categorical variables were compared using logistic regres-
sion analysis. Receiver operating characteristic (ROC)
analysis was performed to assess the predictive power of
various MII-pH variables. The ROC curves were calculated
along with 95% confidence intervals. A p value < 0.05 was
considered to be statistically significant.
3. Results
3.1. General characteristics
Demographic data and clinical presentation of the patients
including subgroups of infants and children are shown in
Table 1. One hundred and twenty patients (68 boys) were
enrolled with a mean age of 4.6  5.3 years (range: 6 days
to 18 years). Among the study group, 49 (40.8%) patients
had underlying respiratory disease, of whom 11 (9.2%) had a
tracheostomy and 23 (19.2%) had the diagnosis of aspiration
pneumonia during the 3 months prior to entering this study.
Three (2.5%) full term infants were referred for examina-
tion due to apnea. Thirty (25%) patients had underlying
neurologic disability and 21 (17.5%) had cerebral palsy. WeTable 1 General characteristics of the study patients.
Characteristics Total
(n Z 120)
Infant
(n Z 47)
Children
(n Z 73)
Age (yr), mean  SD 4.6  5.3
Gender, n (%)
Male 68 (56.7%) 30 (63.8%) 38 (52.1%)
Female 52 (43.3%) 17 (36.2%) 35 (47.9%)
Underlying respiratory
disease, n (%)
49 (40.8%) 19 (40.4%) 30 (41.1%)
Aspiration pneumonia 23 (19.2%) 8 (17%) 15 (20.5%)
Tracheostomy 11 (9.2%) 4 (8.5%) 7 (9.6%)
Underlying neurologic
disability, n (%)
30 (25%) 11 (23.4%) 19 (26%)
Cerebral palsy 21 (17.5%) 7 (14.9%) 14 (19.2%)
Patient source, n (%)
Pediatric department 96 (80%) 38 (80.9%) 58 (79.5%)
Otolaryngology
department
24 (20%) 9 (19.1%) 15 (20.5%)
SD Z standard deviation.attempted to investigate the correlation between GER and
underlying respiratory or neurologic disease. Patients
enrolled from pediatric and otolaryngology departments
accounted for 80% and 20% of the study population,
respectively.
None of the study population (n Z 120) needed intra-
venous sedation for MII-pH study, while 24 patients (70.6%)
among those who received EGD examination (n Z 3 4)
needed intravenous sedation for the procedure (RD 0.7,
p < 0.001). MII-pH is a less invasive procedure than the EGD
examination in children. This finding is compatible with
previous reports.7
3.2. Analysis of MII-pH combined data
In the 120 patients, 6785 reflux events were detected with
MII-pH monitoring; of these, 2170 (32%) were acid and 4615
(68%) were nonacid reflux events. On the basis of imped-
ance analysis, 2911 (43%) of total reflux events were liquid
and 3874 (57%) were mixed in composition. Impedance
probes identified significantly more reflux episodes than the
pH probe in the whole study population (mean  standard
deviation Z 56.5  47.9 vs. 18.1  19.8 reflux episodes;
95% confidence interval: 47.9e65.2 vs. 14.5e21.7 reflux
episodes; p < 0.001).
3.3. Correlation between endoscopic esophagitis
and MII-pH combined data
Among 34 patients who had received EGD, age distribution
was from 5 months to 18 years and the male-to-female ratio
was 14:20. Endoscopic reflux esophagitis was diagnosed in
19 of 34 (56%) patients. In accordance with the LA classi-
fication, there were seven (37%) patients with grade A
esophagitis, four (21%) with grade B esophagitis, five (26%)
with grade C esophagitis, and three (16%) with grade D
esophagitis. Regarding the prediction of the presence of
endoscopic reflux esophagitis, ROC analysis yielded the
significant cutoff value of MII-pH variables, including
DeMeester score  21, duration of longest acid reflux
17 minutes, and occurrence of acid reflux for more than
5 minutes, to reveal good predictability in our data. In
applying the logistic regression model, we showed that
DeMeester score  21, duration of longest acid reflux 
17 minutes, and occurrence of acid reflux for more than
5 minutes were significant factors [odds ratio (OR) 12.6, OR
8.94, and OR 7.5; p Z 0.02, p Z 0.01, and p Z 0.01,
respectively] in detecting the presence of endoscopic reflux
esophagitis (Table 2).
Concerning different treatment strategies, it is crucial
to differentiate between mild (LA grade A and grade B
esophagitis) and severe reflux esophagitis (LA grade C and
grade D esophagitis). Furthermore, using pairwise regres-
sion we determined that the occurrence of acid reflux for
more than 5 minutes was significantly correlated with se-
vere reflux esophagitis (correlation coefficient 0.3689,
p Z 0.03). The patients with mild reflux esophagitis and
without esophagitis (n Z 26) had 1.88 episodes per day of
acid reflux for more than 5 minutes on average, while the
patients with severe reflux esophagitis (n Z 8) had 27.13
episodes per day of acid reflux for more than 5 minutes on
Table 2 Logistic regression of multichannel intraluminal
impedance and pH-metry variables predicting the presence
of endoscopic reflux esophagitis in gastroesophageal reflux
children.
Odds
ratio
95% CI p
DeMeester score  S21 vs.
< 21
12.6 1.37e115.97 0.02
Longest acid reflux  17 vs.
< 17 min
8.94 1.56e51.18 0.01
With vs. without acid reflux
> 5 min
7.5 1.61e34.95 0.01
CI Z confidence interval.
388 Y.-W. Liu et alaverage. ROC analysis showed  3 episodes per day of acid
reflux for more than 5 minutes could predict the occurrence
of severe reflux esophagitis (OR 12.78, pZ 0.009; Figure 1).
4. Discussion
MII-pH monitoring enables the detection and characteriza-
tion of all types of reflux and it is supposed to provide
clinically useful additional information to traditional 24-
hour pH monitoring for the capacity of detecting nonacid
reflux, especially in infants and during postprandial pe-
riods.5 Due to the immaturity of parietal cell function in
young children, the majority of reflux in young children is
nonacid, which may not be able to cause mucosal injury.11
Data obtained from the present investigation clearly sug-
gest that MII-pH significantly increases the diagnostic ac-
curacy of the test as first-line assessment in infants andFigure 1 Receiver operating characteristic curve for the
cutoff value of episodes of acid reflux more than 5 minutes to
predict the occurrence of severe reflux esophagitis. Cutoff  3;
area under the curve 76.37; p Z 0.02. AUC Z area under the
curve.children with suspected GERD.12 In our study, acid reflux
and nonacid reflux episodes recognized with MII-pH moni-
toring accounted for 32% and 68% of total reflux events,
respectively, which represented in a 3-fold increase of the
numbers in comparison with acid reflux episodes with pH
monitoring only. These observations may be explained by
two features: (1) the patients kept taking acid suppressants
during the study period; and (2) the infant group accounted
for up to 39.2% of the recruited study group, and infants
have more nonacid reflux.
The relation between reflux symptoms, endoscopic or
histologic findings, and exposure of the esophagus to acid is
considered to be complex.13 Previous studies tried and
failed to correlate endoscopic findings with clinical symp-
toms reliably.14 The correlation between MII-pH parameters
and endoscopic findings remains an issue.15 Now we know
that the fundamental abnormality in GERD is exposure of
the esophageal epithelium to reflux content, resulting in
tissue injury and/or symptoms. Acid is the key element in
reflux content in the production of esophagitis and/or
microscopic alterations.16 According to previous studies in
adults, macroscopic mucosal changes of the esophagus
were more common in patients with increased acid expo-
sure.17 However, few studies documented the correlation
between endoscopic reflux esophagitis and MII-pH in pedi-
atric patients.18 Different endoscopic grading systems
applied in different ages may produce inconsistent re-
sults.19,20 Our pilot study determined the relationship be-
tween the parameters of MII-pH and the presence of
endoscopic reflux esophagitis in the pediatric population.
We further set up the cutoff value of DeMeester score  21,
duration of longest acid reflux  17 minutes, and occur-
rence of acid reflux for more than 5 minutes of MII-pH
variables to predict the presence of endoscopic reflux
esophagitis. Different treatment strategies are suggested
based on the severity of reflux esophagitis. In our study,
ROC analysis yielded the optimal cutoff value of  3 epi-
sodes per day of acid reflux for more than 5 minutes to
discriminate severe from mild reflux esophagitis. According
to these parameters, we could apply this noninvasive
method to establish useful predictors for esophagitis other
than endoscopy. For the confirmation of mucosal lesions,
endoscope is the diagnostic mode of choice. MII-pH pa-
rameters are potentially a novel marker for esophageal
mucosal integrity.15 Therefore, the combination of MII-pH
and endoscopy may achieve a better diagnostic accuracy.
The possible problem of this MII-pH method is lack of
normal values for all of the age groups.21,22 We made a
subgroup analysis according to different ages, individual
grading of reflux esophagitis, and underlying disease vari-
ables. However, these results showed no statistically sig-
nificant power for comparison due to unevenly distributed
case numbers in our study. The numbers of patients with
different grading of endoscopic reflux esophagitis in our
study were not evenly distributed due to the small sample
size, which rendered us unable to exclude selection bias.
This drawback could be solved if more patients are enrolled
in further studies.
In conclusion, our study demonstrated that MII-pH
monitoring added significantly to our understanding of
GER and its complications. We also illustrated the param-
eters of MII-pH to predict the presence of endoscopically-
Intraluminal Impedance-pH Monitoring in Children 389proven reflux esophagitis in children. MII-pH was also a less
invasive procedure than EGD because the procedure does
not need intravenous sedation and has no radiation expo-
sure. For the detection of mucosal lesion, EGD is still
indicated for the complementary purpose of 24-hour MII-pH
study.
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